Objective To determine the frequency and relative importance of symptoms experienced by adults with spinal muscular atrophy (SMA) and to identify factors that are associated with a higher burden of disease in this population.
Spinal muscular atrophy (SMA) is a neuromuscular disorder caused by a homozygous mutation of the SMN1 gene on chromosome 5. 1 SMA has an estimated incidence of 1 in 11,000 live births, making it one of the more common genetically inherited autosomal recessive disorders. 2 The onset of symptoms is variable in patients with SMA. Historically, SMA classification was tied to the age of symptom onset and the achievement of motor milestones. Type 1 patients develop symptoms within the first 6 months of life, patients with type 2 develop symptoms between 6 and 18 months of age, patients with type 3 develop symptoms in early childhood after 18 months of age, and type 4 patients develop symptoms in adulthood. [3] [4] [5] Collectively, the adult SMA population consists of patients with an early onset of disease in their childhood who live beyond 18 years of age and those with a milder disease phenotype who develop symptoms later in life.
As novel therapeutics are developed for SMA, it is crucial to understand the symptoms and issues that have the greatest effect on adults with SMA. In our group's prior study, we identified the issues and symptoms that matter most to adults with SMA in a sample of 15 participants. 6 Using qualitative interviews, we analyzed 1,045 quotes regarding the issues that have the greatest effect on the daily lives of adults with SMA. While prior studies have explored the disease burden of children and the parents of children with SMA, a large-scale cross-sectional study to explore what is of greatest importance to adults with SMA has not been previously attempted. 7, 8 Herein, we present the results of the Patient Reported Impact of Symptoms in SMA (PRISM-SMA) study. We designed this international, cross-sectional evaluation of adults with SMA to determine the relative importance and prevalence of the most significant symptoms in the adult SMA population and simultaneously identify the factors that are associated with a higher level of disease burden in this population.
Methods

Study participants
Eligible participants included those aged 18 years or older with a diagnosis of SMA. All participants were registered and consenting members of the International SMA Patient Registry. 9 Every member of the registry that met inclusion criteria was contacted by mail. All study activities were fully approved by the University of Rochester institutional review board. All potential participants were sent and provided a detailed information letter regarding the study prior to their completion of the study survey. Surveys were sent in February of 2016 and received up until June of 2016.
Generation of survey
We generated a survey that included questions about the symptoms and themes previously identified by patients with SMA as having a potentially high level of importance in their lives. 6 Our survey also included supplemental questions on symptoms identified as important by other neuromuscular disease populations. [10] [11] [12] Altogether, we inquired about 207 individual symptoms and 20 symptomatic themes. Participants were allowed to use a proxy if they had physical limitations preventing them from filling out the survey.
For each symptom, participants were asked "How much does the following impact your life now?" and response options were (1) I don't experience this; (2) I experience this but it does not affect my life; (3) It affects my life a little; (4) It affects my life moderately; (5) It affects my life very much; and (6) It affects my life severely. Participants were also provided space to write in any symptoms that were important to them but not mentioned during the survey. Lastly, participants reported their sex, age, race, ethnicity, SMA type, level of education, employment status, age at onset of symptoms, country and state of residence, and ambulatory status. Ambulatory status was queried by asking "Which of the following best describes how you get around?" The response options were: "I walk independently without assistance"; "I primarily use a cane"; "I primarily use a walker"; and "I primarily use a wheelchair or motorized scooter."
Statistical analysis
We determined the frequency (prevalence) of each symptom and theme in our sample. We calculated the relative importance of each symptom in the participants that reported that they experienced the individual symptom. For this metric, each participant response was assigned a numerical value, as follows: I experience the symptom but it does not affect my life = 0; it affects my life a little = 1; it affects my life moderately = 2; it affects my life very much = 3; and it affects my life severely = 4. Average life impact scores were calculated for each symptom and theme by summing the impact scores for each and dividing by the number of participants that reported experiencing that symptom or theme. This methodology has been previously utilized for other neuromuscular diseases. [10] [11] [12] Participants' responses were categorized into subgroups by SMA type, employment status, sex, age (divided into 2 groups based on the median age of the sample), education level (those with a college degree or graduate degree vs those with a high school or technical degree), and ambulation status (those who could walk independently vs those who could not walk or required assistive devices). We compared the prevalence of symptoms and themes across subgroups using Fisher exact tests. Pairwise comparisons were performed between SMA types. The Benjamini-Hochberg procedure was used to correct for multiple comparisons using a false discovery rate of 0.05 and 220 test statistics. In this method, the 220 p values are ranked from smallest to largest (p (1) ≤ p (2) ≤ … ≤ p (220) ), and the largest value of i such that p (i) ≤ 0.05 i/220 is determined. The hypotheses associated with the p values p (1) , …, p (i) are rejected, resulting in i "discoveries."
Data availability
Anonymized data will be shared by request from any qualified investigator.
Results
Our survey was sent to 1,438 adults worldwide who were registered in the International SMA Patient Registry. We received survey responses from 359 adults (25% response rate), representing 43 states in the United States and 34 countries worldwide. The respondents were 51% women with an overall age range of 18-81 years (mean age of 41.9). Participants answered 97.8% of the questions (79,758 of 81,493 questions) regarding the 20 symptomatic themes and 207 symptoms. Table 1 provides additional demographic information for our sample.
Prevalence of symptoms/themes
Fifteen of the 20 themes had a prevalence of greater than 50% in our sample (figure). The 2 most prevalent themes were limitations with mobility or walking, and inability to do activities, each of which were experienced by 98.6% of our study participants. Other symptomatic themes with greater than 90% prevalence included hip, thigh or knee weakness; problems with shoulders or arms; back, chest or abdominal weakness; problems with hands or fingers; and fatigue. The most prevalent of the 207 individual symptoms were limitations physically on what you can do (98%), difficulty lifting objects (97.7%), impaired ability to exercise (97.7%), and limited activities due to weakness (97.5%).
Average impact of symptoms/themes
The average impact of each theme is highlighted as it compares with the prevalence in the figure. Limitations in mobility or walking was the theme with the greatest effect on participant's lives (average impact score: 3.3). Of the 207 symptoms, difficulty with stairs, and difficulty getting up from the floor/ground were reported to have the greatest impact on participants' lives with average impact scores of 3.6 each.
Subgroup analysis
Four of the 20 symptomatic themes were less prevalent in employed individuals compared to the unemployed study participants, as shown in table 2A. The largest difference in prevalence was seen with choking or swallowing issues, which had a prevalence of 35.5% in the employed and 59.8% in the unemployed participants (p < 0.001). Age was associated with a difference in the prevalence of difficulty hearing (p < 0.001) and difficulty thinking (p = 0.002). There were no significant differences in the prevalence of any themes based on education status or sex (table 2B) . There was no significant difference in the prevalence of any theme between SMA type 3 and SMA type 4 (data not shown).
Open field responses
One hundred forty-three participants utilized the write-in spaces to report additional symptoms. These represented a variety of topics, many of which were expansions or specifications of a previous survey item. For example, difficulty lifting objects from the ground was mentioned in the write-in section, though difficulty lifting objects was included in the survey. Some respondents also mentioned other medical issues that affected their life, such as renal disease, cancer, or headaches. Other issues included difficulty with transportation services, financial difficulties, difficulties with personal care assistants, difficulty pressing buttons on a card payment machine, public restroom accessibility, problems transferring into a dental chair for teeth cleaning, and a feeling of being left out of SMA drug trials.
Discussion
There are many symptoms and themes that generate disease burden in adults with SMA. These symptoms have a variable prevalence and importance in this population. Herein, we document results from one of the largest international studies designed to identify the phenotypic profile and relative 
Have never stood 100 (27.9) importance of individual symptoms in an adult SMA sample. A thorough knowledge of SMA symptomatic burden is important as clinicians strive to better monitor and treat adults with SMA. In addition, our baseline data provide researchers with useful information to plan future clinical trials focused on the symptomatic issues that are most important to adults with SMA.
We found that the prevalence of many symptomatic themes was quite high in adult SMA. Seven of the 20 principal symptomatic SMA themes had a prevalence of 90% or greater in our sample. Despite this high level of symptomatic burden, 42.6% of our study participants were employed at the time of the study and more than 66% had previously obtained a college degree, master's degree, or graduate degree demonstrating a high level of academic and educational resilience in this sample.
Results of our subgroup analyses provided insight into how symptom prevalence differs depending on patient characteristics. Four symptomatic themes were associated with employment status. Of these themes, 2 were related to bulbar function (breathing difficulties, choking or swallowing issues) while one theme (pain) could potentially be amenable to therapeutic intervention. Of note, neither limitations with mobility or walking nor problems with hands or fingers (2 cardinal symptomatic issues in SMA) were associated with employment status. The lack of association of employment with these 2 issues highlights the SMA population's ability to compensate and maintain employment even in the context of significant physical limitations. In the US population, with community and workplace accessibility standards in place as a result of the Americans with Disabilities Act, employment in the setting of physical limitations is more possible. However, some of the issues shared in the open field responses by participants included accessibility in public restrooms, on airplanes, and at hotels, and concerns about employment discrimination. This suggests that societal interventions aimed at improving accessibility to those with physical disabilities may still be needed.
Hearing and cognitive function were the only themes whose prevalence worsened with age in our SMA sample. We suspect that the increased prevalence of dysfunction in these 2 areas with age is largely attributable to the general aging process and not specifically to the pathomechanisms of SMA. The lack of worsening prevalence of other symptomatic themes with age may suggest that many of the cardinal symptoms of adults with SMA occur before age 18 and do not become more common after this age. As expected, we found that symptomatic burden varies based on patient-reported SMA type. Participants who reported that they had SMA type 1 also reported a higher prevalence of communication difficulties, breathing difficulties, and choking or swallowing issues. In addition, there were differences in 7 symptomatic themes between SMA type 2 and type 3 participants. The most notable differences by group occurred in breathing difficulties and choking or swallowing issues, which were reported by all participants with SMA type 1, more than 75% of participants with SMA type 2, and less than 34% of participants with SMA type 3 or type 4.
We found that the inability to walk independently, that is, without any assistive device, had the most widespread association with symptomatic prevalence in our sample. Seven of our 20 symptomatic themes were associated with this characteristic. Ambulation status is an important marker of disease severity in the adult SMA population and thus strongly relates to the level of disease burden in adults with SMA. Ambulation status is a continuum with a wide range of what could be considered independent mobility. The goal of this specific analysis was to compare those participants with the least burden of disease, i.e., the respondents with complete independence with walking were compared to the rest of the sample. Interventions that improve ambulation status may have a large effect on overall disease burden reported by adults with SMA.
The most prevalent SMA symptoms were not always the ones that were most important to participants. Of the 207 studied symptoms, difficulty with stairs and difficulty getting up from the floor/ground were the symptoms that were identified by participants as having the greatest effect on their lives; however, neither was the most prevalent symptom in the sample. Of note, both of these issues could potentially be addressed by a mechanical or societal intervention. Similarly, the ratio of the impact of a theme to the prevalence of a symptomatic theme varied based on the individual issue. Two themes, pain and breathing difficulties, ranked in the top half of average impact scores but were in the bottom half when ranked by prevalence. In contrast, impaired body image was experienced by nearly 80% of participants, but the impact score was ranked in the lower half of the symptomatic themes.
We acknowledge that our sample may not be representative of the general population of adults with SMA. Our survey was sent to members of a large international registry. No registry member was financially (or otherwise) incentivized to participate. The survey was sent only in English. As expected, our response rate was lower than what we have experienced in our other similar studies using isolated English-speaking North American samples and registries. [10] [11] [12] We suspect that the reasons for the lower response rate were multifactorial. It is likely that some international participants did not complete the survey because they were unable to read English or gain access to someone who could translate the survey. It is also likely that some registry participants did not complete the survey because of death or a move. We also recognize that answering more than 200 questions requires some degree of attention and concentration, and although there was no strict time limit, it may have appeared too daunting a task for some individuals. Despite the length of the survey, among study participants, there was a 98.7% completion rate for the first 5 symptom questions of the survey, similar to the 98.6% completion rate for the last 5 questions. Overall, this demonstrates that participants were not quitting and submitting the survey before completion. Adults with SMA who were too sick to participate in this registry and those not interested in clinical research may also have been underrepresented in our sample. Most of participants were from the United States (61%). Therefore, our data must be interpreted in this context.
Our sample of participants with SMA was highly educated, with 23.1% having an advanced degree (master's or doctorate) and 66% having either a college degree or an advanced degree. In 2015 US population data, only 12% hold an advanced degree, with 42% having an associate's degree or more. 13 In a comparable study evaluating the impact of symptoms in patients with myotonic dystrophy type 1, the proportion of survey respondents with advanced degrees was only 15.5%, again highlighting the academic achievement of adults with SMA even in the context of significant physical limitations. 10 Although it is unlikely that our registry-based SMA sample is a perfect representation of the greater SMA population, we suspect that our group is representative of a subset of adults with SMA that will be willing and able to participate in future clinical studies. Lastly, it should be noted that all demographic information was provided directly by participants in a deidentified fashion. Consequently, it is possible that some participants reported their SMA type incorrectly based on misunderstanding, the variation in SMA classification protocols over time, or potentially misclassification by their treating physicians.
PRISM-SMA adds to available knowledge regarding the total symptomatic burden that adults with neuromuscular diseases face. This study again demonstrates that while some overlap exists, the specific symptomatic profile and relative importance of individual symptoms vary based on the specific neuromuscular disease population. [9] [10] [11] This research highlights a large-scale, patient-centric approach to defining the complex disease burden associated with adult SMA and may prove useful in the future management of these patients, development and validation of disease-specific, patient-reported outcome measures, and the planning and implementation of future SMA therapeutics research.
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